発育期ラット脛骨の一次海綿骨における骨形成に及ぼす加重増加の影響 by ARAKI Michiko et al.
発育期ラット脛骨の一次海綿骨における骨形成に及
ぼす加重増加の影響
著者 ARAKI Michiko, ATSUMI Yui, UCHIDA Aki, OHSAKO
Masafumi
著者別名 荒木 美智子, 渥美 結衣, 内田 明希, 大迫 正文
journal or
publication title





Creative Commons : 表示 - 非営利 - 改変禁止
http://creativecommons.org/licenses/by-nc-nd/3.0/deed.ja
Effects of mechanical loading on bone formation in tibial 































bone throughabone remodeling.A thicknessof trabecularbone inprimaryand secondary
cancellousboneisincreasedwithgrowth1）.Thetrabecularboneoftheprimarycancellousboneis
coveredwithnoorlittlebonematrix,soithaslowstrengthstructure.
　Then, interfacebetweengrowthplate andprimary cancellousbone is a common site for
epiphysiolysis inchildren.Epiphysiolysis iscausedbyoveruseduringsportsactivity.Itaccounts
for30%ofpubertal fracture2）and leadstogrowthdisorderat thesitebecauseof inappropriate
treatment, so it isconsideredasacriticaldisorderatclinical site.Thin trabecularbone in the
growingperiodora lossofbonemasscausedbyagingand inactivity isable toberisk factors
of fracture.Then,appropriatemechanical loading isconsideredasawayofenhancementof the





bone formationwasenhanced inan intensity-dependentmanner.Therefore, thepurposeof this
study is to investigatehistologically theeffectsof jumpingexercisesthroughvariousconditions
ofintensitiesanddurationsonstructuresofprimarycancellousboneataproximalmetaphysisof
tibiaingrowingrats.












electronstimulation in theexperiments.Maximumjumpingheightwasmeasured ineachrat
of theexercisegroups.Theexercisegroupsweresubdivided intoE30,E45andE90randomly,
and for theexperimentalperiods,eachgroupperformed jumpingexerciseat30,　45,or90%of







wereremoved fromhind limbsand tibiaewereexcisedafterconfirming theirdeath.Proximal






At the end of the each experimental period, rats were euthanized 

























Fig.2: Images of growth plate chondrocytes.
　Proliferative （PZ） and hypertrophic （HZ） chondrocytes in the exercise groups were smaller 
compared with those of control group and cartilage matrixes between columns were thicker in the 
exercise group than those in control group.
　Yellow squares: proliferative zone
　Blue squares: hypertrophic zone
　A-C: CO-7D, D, E: CO-21D, F-H: E90-7D, I, J: E90-21D













of thecalcifiedcartilage trabeculaewereextendedto thebonemarrow,and thereweresome
cartilage trabeculaeacross the trabeculaerunningalong the longitudinalaxisof tibia.These
imageswerenotobservedattheareafarfromthegrowthplate.（Fig4.A）InCO-14D,adensity
ofthecalcifiedcartilagetrabeculaewasdecreasedcomparedtothoseofCO-7D.（Fig.3.B）Those
trabeculae linkedtoother trabeculaeweredecreasednear theerosionzone.Thetrabeculae in
CO-14DwerethickerthaninCO-7D.InCO-21D,thetrabeculaelinkedacrosstheothertrabeculae
wereonlya few,especiallyaroundtheerosionzone.（Fig.3.C）Calcifiedcartilage inCO-21Dwas
























partly lightappearedon thesurfaceof thecalcifiedcartilage trabeculae.Far fromthegrowth













Fig.3: Low magnified images of each group.
　Thickness of  bone trabeculae was increased with growth in both control and exercise group.
　A: CO-7D, B: CO-14D, C: CO-21D, D: E30-7D, E: E30-14D, F: E30-21D, G: E45-7D, H: 














Fig.4: Images of primary cancellous bone.
　There was no obvious difference in thickness of bone trabeculae between 7-day groups. 
However, at day 14 and 21, primary cancellous bone in both exercise groups was thicker than 
that in CO.







observedthesameas inCO-7D,however, thebone formationwasstartedcloserto thegrowth
platethan inCO-7D,andthepurple-stainedsphericalcellswereseenonthesurface.Thebone
matrixobservedat this sitewas thicker than inCO-7D.（Fig.5.D）InE30-14D, thenewbone
matrixwas recognizednear thegrowthplateandwas thicker than inE30-7D.Pink-colored
mononuclearcellswerereducedandthepurple-stainedcellsappearedintheerosionzone.（Fig.5.E）









Fig.5: Magnified images of starting portion of the bone formation.
　Bone formation was started closer to the growth plate and bone addition was increased as the 
experimental periods were proceeded.
　A: CO-7D, B: CO-14D, C: CO-21D, D: E30-7D, E: E30-14D, F: E30-21D, G: E45-7D, H: 






　InE45-7D, there isalso thecalcifiedcartilage trabeculaecoveredwithnobonematrix,and
thenumberof these trabeculaewas limited.The startingportionofbone formation slightly
approachedthegrowthplateandanincreaseofthicknessinbonematrixatthesitewasobvious.








theboneaddition to thesurfaceofcalcifiedcartilagehadnotoccurred justunder thegrowth
plate.However,bonematrixatthestartingportionofbone formationwasthickerthan inE45-
7D.Thepink-coloredcellswere localized in theerosionzoneandthepurple-stainedcellswere
observedonly far fromthegrowthplate, so theywerenotco-localized inE90-7D.Thepink-
Fig.6: Delay of the bone formation in E90.
　At day 21, in the primary spongiosa just under the growth plate in CO, little new bones were 
added around the calcified cartilage trabeculae. Bone formation was started near the cartilage 
lacunae in E45. However, bone formation was delayed in E90 and thin calcified cartilage 
trabeculae was not covered with the new bones.
　Yellow arrow heads: starting portions of bone formation
　Blue arrow heads: calcified cartilage trabeculare without addition of new bones
　A, B: CO-21D, C, D: E45-21D, E, F : E90-21D









E90-14D, thestartingportionofbone formationwasalso far fromthegrowthplatecompared
















structure, ithasbeenreported that increaseof trabecular thicknessdistributes to increased
bonevolume in jumpingexercise, on theotherhand, in the runningexercise, thenumberof
trabecularbonewasincreasedwithbonegain10）.Notomietal.11）havestatedthatinananaerobic
exercisesuchas jumping,bone formationwasstartedmorequicklythan inanaerobicexercise.





remarkableasexperimentalperiodsproceeded.Additionally, increase in thicknesswasobvious












ithasreportedthatmechanical loadingover thephysiologicalcondition inhibitsbonegrowth17）.
Besides,when thebone receiveda repetitive low-intense loading, stress fracture causedby
accumulationofthesmallstressoccurs18）.Tosumup,thereisathresholdofeffectsonpromotion












thisstudy. Itwasalsoobservedthat thethicknessof trabeculaebone increased inan intensity
dependentmanner.However,thesechangeswerenotobservedjustunderthegrowthplate,and








It isknownthatby increaseofmechanical loading,boneremodeling ispromotedbyactivation
of canonicalWntsignalingpathway inosteocyte24）, inhibitionof transcriptionof sclerostinvia
expressionoftransforminggrowthfactorbeta（TGF-β）inosteocyteacceleratesboneformation25）,









cancellousbone.Therefore, itcouldbe thought that theeffectofexercise isdifferentbetween
primaryandsecondarycancellousbone.




has suggested that chondrocyte and osteoblast regulatematrix synthesis of each otherby
paracrine31）.Inlongbonespecificallydeletedbetacatenininhypertrophicchondrocytes,trabecular
bone formation justunder thegrowthplatewassignificantly inhibited31）.Thisphenotypewas
accompaniedwithelevationofRANKLexpression, so ithasbeen indicated that changesof










chondrocytes increasedbyswimmingexercise, sometabolicacceleration in thegrowthplate

























ithasbeenprovedthatangiogenesis inbonemarrow isessential togainofbone formationon
trabeculaebyexercise39）.Thesereportssuggest thatangiogenesis isacriticaleventnotonly in
bone formationofdevelopmentalstage,butalso inthatofgrowingstage.However, inhibitionof
boneformationjustunderthegrowthplatewithhighintensityexerciseisnotabletobeexplained
byexercise-inducedactivationofangiogenesis. In fact, therehasbeenastudyperforming the
invivomechanical loadingongrowthplatethatreportednorelationbetweenVEGFexpression





strained tibiahad showed fracture in osteochondro-junction41）, and indicated that it is a low
strengthsite. Inthisstudy, justunderthegrowthplate inhigh intensityexercisegroups,bone
formationdidn’tstartandremainedbareofthincalcifiedcartilagetrabeculae.Intheosteochondro-








arecontrolledby thegrowthplatechondrocyte,or influencedbyvascular invasion.However,
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要旨
【目的】本研究は発育期ラットを用い、異なる高さ（運動強度）の跳躍運動が脛骨近位骨幹端におけ
る一次海綿骨の構造に及ぼす影響について組織学的に検討した。
【材料および方法】材料として７週齢のラット36匹を用い、それらを実験期間別に７日群、14日群、
および21日群（7D、14D、21D）に分けた。これらの群をそれぞれ対照群（CO）と運動群に分け、
運動群はさらに実験開始時に計測した最大跳躍高の30％跳躍群（E30）、45％跳躍群（E45）、90％跳
躍群（E90）に無作為に分類し、それぞれの高さの跳躍を１日100回、週５日行わせた。
【結果】一次海綿骨における骨梁の密度および太さは運動強度の上昇に伴って増加した。骨端板直下
における石灰化軟骨梁周囲への骨形成開始は、E30およびE45ではCOより骨端板に近い位置となって
いたが、E90では逆にそこから離れた位置から開始された。
【結論】海綿骨形成の基礎となる骨形成は運動によって促進されるが、高強度運動の場合、骨端板直
下での骨添加の遅れが見られることが理解された。
キーワード：一次海綿骨、運動強度、組織構造
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